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ABSTRACT

The Listening Post Surveillance Device (LPSD), AN/PPS-14, was
developed to increase the target acquisition capability of combat
riflemen under conditions of poor visibility, such as would be
caused by intervening foliage, darkness, and inclement weather.

The development program started first with a shorter range CW
radar system, but it rapidly evolved into a Pulsed Doppler system
when the performance advantages and growth potential of such a
system became apparent. The basic system operates at L-band,
and the nucleus of the system is an adaptive and balanced signal
processor which enables the radar to cope with a high clutter
background while maintaining reliable target-detection performance.

Tests in Boston and Aberdeen as well as operational evaluation at
Fort Hood and in Vietnam showed the radar to be an effective device
for detecting targets up to 130 meters in open space, and approximately
30 to 100 meters in foliage depending upon density and wind velocity.
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FINAL REPORT

LISTENING POST SURVEILLANCE DEVICE (LPSD)

1.0 INTRODUCTION

The Listening Post Surveillance Device (LPSD) was developed
to increase the target acquisition capability of combat riflemen under
conditions of poor visibility, such as foliage, darkness, and rain-
storms. The specific objectives of the contract were to design,
fabricate, and test a very lightweight, foliage penetrating radar to be
carried and used by U.S. Army riflemen.

The basic system employs a L-band pulsed Doppler radar
technique, and the nucleus of the system is a signal processor, both
adaptive and balanced, which enables the radar to cope with moving
foliage. Using this processing scheme, optimum detection; i. e.
high detection reliability at a low false alarm rate, can be obtained
under both high and low wind conditions.

The development of the LPSD was conducted using the following
set of values listed in order of importance:

PERFORMANCE
RELIABILITY
DURABILITY
SIMPLICITY OF OPERATION
LOW COST
EASE OF MAINTENANCE

The performance criteria was based on achieving a large
instantaneous coverage under foliated and wind conditions. A summary
chart of performance target objectives and those that were achieved
are shown in Table I.

In addition to achieving the target objectives for detecting a
man walking or crawling in the brush, the LPSD can be used for
detecting slowly moving vehicles, and river traffic. The maximum
detection range is affected directly by the density and depth of foliage,
and the wind velocity.

1.1 SIGNIFICANT IMPROVEMENTS

Two important improvements were introduced during the
course of the contract. They were (a) a silent vibrating wrist alarm
to avoid compromising the operator's position when annunciating a
target detection, and (b) the transition of the system to pulsed Doppler
with sensitivity time control (STC) to reduce false alarms from small
near-in moving targets and, in general, provide greater system margins.
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TABLE I

LPSD TARGET-DETECTION PERFORMANCE CHARACTERISTICS

Target Objectives Achieved

Man Crawling: detection range Approximately 30-40 meters
under foliated conditions, 0-25 depending upon foliage density
meters (50 meters desired) at and wing velocity. Approxi-
rate greater than 0. 1 m/s in a mately 50 meters in open space.
radial direction.

Man Walking: maximum detection Approximately 30-100 meters
range 75 meters (100 meters depending upon foliage density
desired) of man walking at con- and wind velocity. Approximately
stant speed in radial direction at 130 meters in open space.
a rate greater than 0. 2 m/s.

Slowly moving vehicles, up to
160 meters.

Small, low-profile water craft
up to 100 meters.

Angular Coverage: Minimum 130 meters range on boresite
+ 150 from boresite. 1Z5 meters range at + 250,

100 meters range at +450,
50 meters range at + 750
30 meters range at + 900
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The wrist alarm is a vibrating alarm-indicator. When a
target is detected, a motor within the wrist alarm drives an eccentric
load, causing the vibration. In addition, target direction relative to
the radar is indicated by means of solid-state lamps labeled "IN" and
"OUT". An audio alarm output was also provided using a Sonalert
device and a volume control. It also contains lights which indicates
target direction (IN or OUT).

The principal feature of the pulsed Doppler system is that the
receiver is turned off during the transmitting cycle, and therefore,
nearby objects can be completely blanked out of the receiver or
attenuated to any desired degree.

The advantages of a pulsed Doppler system are briefly
outlined below.

1. Needs no special operator instructions on how to site
the LPSD relative to local foliage. The system can be
sited arbitrarily close to the foliage.

2. Largely eliminates false alarms due to operator motion,
or vehicle motion in the backlobe of the antenna.

3. An RF amplifier can be used to improve the receiver
noise figure. This results in increased dynamic range
of the system.

4. Small animals, such as mice, will not alarm the system
at short range.

5. The system can operate at a lower transmitting power
level, which makes it less vulnerable to detection by
enemy countermeasures systems.

6. The combination of STC and Sample-Hold gating permit
shaping of the sensitivity vs range. For example, the
sensitivity of the LPSD System increases (rather than
decreases) with target range up to 50 meters. Beyond
this zone, the sensitivity is governed by two-way space
attenuation, groundlobing and foliage attenuation. The
limit of detection is approximately 160 meters where
the sensitivity of the system decreases abruptly.

l.Z DESIGN OBJECTIVES

This section contains the original design criteria and specifi-
cations established by LWL, both to serve as a point of departure,
as well as to present an overview of the target design objectives in
order to better follow the design changes that occurred during the
execution of the contract. The final design parameters and specifi-
cations are included as part of Chapter 6.
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The LPSD should be capable of achieving the detection
distances shown in Table I over an arc subtending a horizontal angle
of 30 degrees + 10 degrees with the apex at the LPSD antenna. The
LPSD should exhibit at least a 90% detection probability, and false
alarms should not exceed 1 for every 4 hours of operation. Range
and azimuth information to a target is desired, but not required.

The LPSD should contain its own antenna permitting horizontal
polarization and should not require that it or the rest of the LPSD be
elevated more than 1. 5 meters (0.5 meters desired) above the ground
in order to meet the requirements contained herein. If required,
the LPSD should contain its own tripod. The antenna should exhibit
a front-to-back ratio of 35 dB or better to disallow any false alarm
detections caused by the operator or others moving anywhere behind
the LPSD (within + 90 degrees of the center line of the major horizontal
lobe of the LPSD antenna as measured at the LPSD antenna). The
antenna should be of such design as to concentrate the LPSD radiated
energy into as small a vertical lobe as is necessary to meet the
detection requirements. The antenna should be light, rugged, and
compact as practicable.

The LPSD should be capable of a minimum of 12 hour
continuous operation from a self-contained power source over the
range of environmental and climatic requirements. The power
source should be limited to two BA 1100/U batteries, Federal Stock
Number 6135-926-0827. This is a 6.5 volt, 2.7 amp-hr (0. 1 amp
drain) mercury battery.

The LPSD should exhibit a minimum 95% reliability under
operational conditions, and have a mean time between failure (MTBF)
of at least 5000 hours.

The LPSD should require no other equipment to perform as
specified herein.

The LPSD should not, from any aspect, be detected under a
condition of total darkness beyond a distance of 10 meters by unaided
human senses.

The operation of LPSD should not adversely interfere with
the operation of radios and other electronic equipment normally
found on the battlefield nor should the LPSD be adversely effected
by such equipment.

The LPSD should be capable of withstanding the environment
encountered in tactical long and short hauls associated with current
U.S. Army land and air vehicles and U.S. Air Force air vehicles.
The LPSD must withstand such operational environments without
the protection of a transit case, securing straps, packing containers
or other device or material designed to protect it from environmentally
induced damage or malfunction.
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The LPSD should be capable of meeting the performance
requirements under specified temperature, climatic, and
vibration conditions.

The LPSD should meet the performance criteria specified
herein when operated by a typical, combat-equipped U.S. Army
rifleman after no more than 30 minutes of on-the-job training. No
calibration, sensitivity setting, or threshold control settings should
be required.

The LPSD should be capable of full operation within 30 seconds
or less after turn-on. Time required to emplace and turn on the
LPSD should be less than 30 seconds. Time to turn off and displace
the LPSD should be less than 30 seconds.

The LPSD visual alarm should be readable under all conditions
of visibility.

The LPSD should be capable of annunciating a detection at a
distance of 10 to 600 meters from its location by means of a wire
connecting the LPSD to the LPSD Remote Annunciator (RA). The
connecting wire should be U.S. Army Standard WD-1/TT general
purpose field wire and should be provided as required by the
Government. An RA unit should provide the same aural output and
visual display as the LPSD unit.

The physical characteristics of the LPSD should be as close
to the following as possible:

a. The total weight of the LPSD with power source, antenna
and all other required components and assemblies,
including the RA, should not exceed 5 pounds.

b. The volume of the LPSD with power source, RA, and all
other required components and assemblies should not
exceed 60 cubic inches.

c. The LPSD must operate at a nominal frequency of
1250 + 5 MHz.

d. The LPSD should contain an external 3-position switch.
One switch should be spring loaded. This switch should
allow the operator to turn the LPSD on and off, and to
self-test the LPSD.

e. The LPSD should contain a built-in test circuit and display
device to monitor battery condition.

f. The LPSD should contain a self-test, go no-go circuit to
inform the operator of any malfunction or deterioration
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of any performance feature, especially detection
capability. The test circuit should test all or as much
LPSD circuitry as practicable. The self-test should
be executed when the operator depresses the spring-
loaded portion of the switch. The lamps used with the
LPSD should exhibit an expected life of at least 1000 hours
at a 95% confidence level.

g. The LPSD power supply/regulator should be short circuit
proof. The LPSD should not contain a protective electrical
fuse for this purpose.

The LPSD should be designed to include the following human
engineering characteristics:

a. The night vision of the LPSD operator should not be
adversely affected by the operation of LPSD during the
hours of darkness.

b. The LPSD should permit simplicity in operation so that
minimum training will be required for satisfactory
operation and maintenance.

c. The LPSD should require a minimum of operator
attention for normal operation. Operation of the LPSD
should not induce undue operator fatigue.
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2.0 PROJECT HISTORY

The project was started in March 1969. During the first
month after the start of the LPSD development program, the target
design requirements were reviewed and the Phase I Study Report
was issued during April 1969.

On April 1, 1969, the LWL Contracting Officers Technical
Representative visited ARI to review progress on the LPSD program
prior to submission of the Phase I Study, and the Design Plan.

The block diagram of the breadboarded CW system was dis-
cussed. The basic parameters of the system were as follows:

Target Velocity 0. 1 to 10 meters per second
Corresponding Doppler 0.6 to 60 Heitz
Transmitter Power 150 milliwatts
Received Signal range 0.1 to 17, 000 microvolts

for 10 to 100 meter range

The operational aspects of the LPSD were discussed, and the
list that follows represents a system that was agreed upon to be the
most desirable. This proposed system deviated from the system
as defined by the contract, therefore, ARI had no authority to incor-
porate the changes. Any decision regarding these deviations was to
be settled after submission of the Phase I reports. The changes that
were discussed are as follows:

1. No loudspeaker for audio alarm. It was felt that the
audio noise could give the operator's position away.

2. The loudspeaker could be replaced by an earphone,
or preferably, a device such as a bone transmission
annunciator. It was understood that one had been
invented for the Red Eye missile system.

3. Separate incoming and outgoing detected target
indicators would be provided. No switch was to
be provided to select incoming only would be
provided. In general, the absolute minimum
number of controls on the panel was desirable.

4. There would be no 'LATCH' function.

5. There would be no meter for battery status indication
because:

a. It is almost meaningless for mercury batteries,
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b. Meter could not be seen at night without
illumination which might give the operator's
position away;

c. Meter is difficult to make watertight when
submerged.

6. Battery test function will be included with the test
and operate function switch. This switch will be
the only switch on the front panel. Its four positions
were to be:

OFF
TEST INCOMING
TEST OUTGOING
OPERATE

In the two test positions an extra load will be placed across
the batteries. If either test fails, the operator should first change
the batteries. If the test still fails, the operator should ascertain
the specific problem.

The problems noted with the early ARI breadboard model
were discussed. The biggest problems were large signal returns
off the back radiation pattern of the antenna, and near-in clutter.
It was stated that these problems might seriously restrict the usage
of the LPSD. As for example, it might not be possible to mount
the LPSD closer than 10 meters from the foliage. This confirmed
earlier predictions that near-in targets would be a problem if a CW
system was used.

At this point, the interrupted CW system was discussed as
an alternate. The main benefit of this approach would be to blank
out the LPSD for a range of 15 meters. This eliminates both
problems mentioned in the previous paragraph, relieve many of
the other problems, and permit the addition of a RF amplifier,
which could result in increased battery life by reducing the trans-
mitting power requirement.

The target identification capability of the ARI breadboard
was demonstrated. No attempt at detection in a cluttered environment
was made. The system demonstrated was the breadboard made on
the precontract program along with an ART balanced adaptive
processor. Detection was always possible with no false alarms on
incoming and outgoing targets. However, the system definitely
indicated "found target" when the operator made unilateral movements
one meter behind the antenna. Direction was correctly indicated
when the operator made these movements, thereby substantiating
the prediction that the CW system would detect operator motions off
the back lobe of the antenna, despite the 35 dB front-to-back ratio.
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The submission of the Phase I Study and the Design Plan was
discussed. The reports were to include the following:

a. Phase I Report - to show results and conclusions.
Any specifications that cannot be met should be
called out along with recommended solutions.

b. Design Plan

1. Functional description of the unit

2. Block diagram and pertinent rough schematics

3. Sketches and conceptions

4. Schedule and milestones.

2. 1 SUMMARY OF WORK UNDER PHASE I

The Phase I program, which was of four weeks duration,
started with an analysis of the overall radar problem. This was
done in order to see how the requirements of the contract influenced
the individual parameters of the system, and to delineate those
areas which appeared to be the most difficult, and hence deserving
of early attention.

After performing the analysis, the breadboard radar equipment
which had been put together during the course of an earlier company-
sponsored program was modified to conform with the requirements
shown by the analysis. A series of tests was performed. Although
these tests were at a general sensitivity level which was of the order
of 30 dB less than required, the tests sufficiently demonstrated the
problems that would be encountered with the proposed CW system.

Sufficient data was obtained from the initial tests to determine
the modifications that would be required to make the system functional.

2.2 FOLIAGE ATTENUATION

Foliage attenuation and clutter are the principal parameter
influencing the design of the system, so a study was conducted to
determine the effects on the overall performance of the system.

Figure 1 shows the average attenuation that would be
experienced by a RF signal penetrating foliage as a function of
frequency. This attenuation is an important consideration in a
system of this kind because it must operate for sustained periods of
time on small batteries. The amount of transmitted average power
required depends directly upon the amount of foliage to be penetrated
by the system.
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Figure 1: Average Dense Foliage Attenuation vs. Frequency
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The curve shown represents the average attenuation of many
foliage types, ranging from a dense New England forest to thick jungle.
In practice, large deviations from the figures shown can be expected
for a specific foliage type or density.

At 1250 MHz, the attenuation is approximately 0. 5 dB/meter,
which represents a total attenuation through 25 meters of foliage
(two-way) of 25 dB. Fifty meters of foliage would introduce twice
that amount (in dB).

It is possible to provide the system with a sufficient margin
of sensitivity to make up for this kind of foliage loss, but it must be
remembered that in a CW system, or for any very low range
resolution system, this loss affects the dynamic range of the receiver
and signal processor. A one square meter target at a range of
50 meters, for example, would be effectively 1,600,000 larger
(+ 62 dB) than the same target observed at 100 meters through
50 meters of dense foliage, taking into account foliage and space
attenuation. Similarly, the return signal from a section of foliage
at 50 meters would be 1, 600, 000 greater than the same sample at
100 meters. This near-in foliage amplification relative to the
100 meter target greatly increases the system subclutter visibility
requirements.

2.3 ANTENNA HEIGHT

When operating with an antenna which illuminates the ground
as well as the target of interest, a well-defined ground reflection is
produced. The constructive and destructive interference patterns
produced by these two signals cause elevation lobes to be formed.
Very little RF energy is present at ground level in the target area
for horizontal polarization.

Because the lowest beam of the elevation lobing pattern is
the one which illuminates the target of interest, the energy distribution
in that lobe is of great importance. Figures 2 and 3 show the positions
of the peak of the first lobe at 1250 MHz. The peaks exhibit a two-way
gain of + 12 dB above free space gain. It can be seen from Figure 3
that an antenna height of approximately 1. 5 meters is required to
illuminate the head of a walking man at 75 to 100 meters. This same
antenna height would provide free space gain on the head of a
crawling man at a range of 12 to 25 meters.

2.4 SENSITIVITY REQUIREMENTS - CW SYSTEM

As stated previously, the target signal amplitude at the input
to the receiver will vary considerably as a function of range and
foliage absorption. Of prime interest is the minimum return signal
amplitude, since this will permit determination of radiated power
requirements and permissible receiver noise figures.
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A minimum return signal analysis was performed on a CW

radar with the following characteristics:

Radiated Power 150 mW

Desired Range 100 meters

Surveillance Coverage 40 degrees

Vertical Antenna Beamwidth 30 degrees

Carrier Frequency 1250 MHz

Doppler Return Frequency + 0. 5 to 60 Hz

Cross-section of Upright Human 1/2 meter 2

Antenna Height 1.5 meters

The minimum return signal, Smin, was calculated using the
following form of the radar equation:

PGA e
R Range (meters) (1)

(4T)2 Smin

where:

= Average radiated power = 150 mW

41T3600
G Free Space Antenna Gain = 4Tr3600 37.7

A = Antenna Aperture = GXZ
e 4T

X = Wavelength = 0. 24 meters

a' 1/2 meter z

Rearranging equation (1) and solving for Smi n gives

- PG 2X (2)
Sm. (41)3 R4  (watts) (2)
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Substituting the values of the system being considered into
equation (2) yields the following value for

-12
S = 37. 1 x 10 wattsrain

= 42 microvolts into a 50 ohm load.

The number above represents the minimum signal captured
by the antenna for a 100 meter path with no intervening foliage. Of
prime interest is the worst case signal present at the output of the
RF section when the foliage attenuation is 50 dB (50 meters of foliage).
The other losses associated with the system as well as the path loss
are tabulated below.*

Antenna Hybrid 3.5 dB

Zero Degree Hybrid 3.5 dB

Dual Mixers 9.0 dB

Foliage Penetration Loss 50 dB

Miscellaneous Losses 4 dB

Total System Loss 70 dB

Adding these losses to Smin calculated above gives the minimum
signal that will be present at the input to the audio amplifiers, or

S out of mixers = 37.1 x 10-19 watts
min

= 14 x 10.9 volts.

The noise associated with the input of the receiver was
computed for a 50 ohm input using the standard equation for thermal
noise.

Noise Power = KTB (3)

and

Noise Voltage = qKTBR (4)

Refer to Figure 4 for a block diagram of the system.
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where

K = Boltzman's constant = 1.38 x 10- 3watt-sec/ 0 K

T = 290 0 K (Room temperature)

B = 60 Hz (Bandwidth of audio amplifiers)

R = 50 ohms

Substituting these values into equation (4) yields a noise
voltage of 3.5 x 10-'J volts. This is 12 dB less than the minimum
amplitude of the return signal.

An examination of the noise of the audio amplifiers referred
to the output of the mixers indicates that this noise is far worse than
that of the 1250 MHz noise calculated above. The worst component
is the 1/f noise. Measurements indicate that an equivalent noise of
less than 150 x 10- 9 volts would be very difficult to obtain.

Some improvement can be obtained in the magnitude of the
received signal by matching the low impedance output of the mixers
to the high input impedance of the audio amplifiers by a good sub-audio
transformer. The minimum input signal to the audio amplifiers can
be increased to 280 x 10 - 9 volts by this method. The resulting 6 dB
increase in signal to noise ratio is adequate for signal detection,
particularly after further improvement is possible by post-detection
filtering in the processor by an additional 6 dB.

There was a considerable reduction in signal margin when the
allocated frequency was changed to 1250 MHz from the original asked
for 915 MHz. It is estimated that this change reduced the minimum
signal at the output of the mixers by 10 dB. Under these conditions
the maximum return signal from near-in jungle foliage at, for example,
10 meters, would be of the order of 1 millivolt at the mixer output.
This requires that the system have a dynamic range of approximately
100 dB.

2.5 TEST RADAR

A block diagram of the breadboard radar used to perform
the preliminary tests is shown in Figure 4. RF is supplied by a
900 MHz, 60 milliwatt power source. 30 milliwatts are required
for the dual mixers, and 15 milliwatts was radiated, taking into
account hybrid losses of approximately 3 dB.

The receiver portion of the antenna hybrid connects to a zero
degree hybrid which in turn feeds a pair of doubly-balanced mixers
with equal amplitude and equal phase signals. Local oscillator
signals are fed into the mixers through a ninety degree hybrid. The
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quadrature audio signals out of the hybrids are supplied to low-noise
audio amplifiers, and subsequently to the signal processor. The
processor used for most of the experiments was an ARI Series
AB-1100, Balanced Adaptive Processor.

2.6 TESTS

The first series of tests were conducted in the laboratory.
These were concerned primarily with the effects of oscillator noise
and instability, and quadrature unbalance in the system as well as
the degree of transmitter isolation that could be obtained through the
hybrid and antenna system. It was concluded that the local oscillator
noise level could be kept below a point where system performance
would not be effected. Good quadrature balance was possible but only
after the RG-58/U coaxial cables with BNC connectors were replaced
by semi-rigid coaxial cables with OSM connectors. Although good
isolation was attainable in the antenna hybrid, it was affected by
objects moving in the vicinity of the antenna.

A number of experiments were made on personnel moving
within the building, primarily as a check on the basic operation of
the system against moving targets. It was interesting to note that
moving people would be reliably detected two rooms away, through
wooden walls at a range of about 15 meters. Longer range experi-
ments of this kind were not tried, but it was clear that the system
had substantial margin at this range when targets were detected
through the walls.

The antenna was pointed out of a second story window toward
the Massachusetts Turnpike. Vehicles moving along the turnpike at
a range of 100 meters could be observed despite the fact that the
system had 30 dB less sensitivity than that required in the final system.

A series of experiments were also conducted against controlled
targets and targets of opportunity in the ARI parking lot. It was
during these experiments that it was clearly shown that despite the
35 dB backlobe (70 dB, two-ways) of the antenna used, the motion
of the operator behind the antenna generated a significant amount of
noise in the unit, and in some cases, false alarms. Although the
balanced processor cancelled out a major portion of the operator's
back and forth motion, the system false-alarmed when the operator
moved unidirectionally with respect to the radar. This problem was
present even though the system was 30 dB short of the design goal.

A short series of experiments was conducted in an area of
evergreen trees. The system had no trouble detecting targets
behind several evergreens, even when the wind was blowing. It was
clear from these experiments, however, that adaptive filtering was
required. When the filters were tuned to a lower frequency to allow
detection of targets moving at the rate of 0. 1 meter/second, the
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clutter level, particularly under higher wind conditions, was too high
forthe system to handle. Under these conditions, the small amount
of filter adaption that did take place allowed the system to function
normally.

2.7 PHASE I DESIGN CONCLUSIONS

Nothing was uncovered during the course of Phase I investi-
gations that would indicate that a system very close to the one originally
proposed would not meet most of the specifications outlined in the con-
tract. There were some uncertainties as to whether a man crawling at
the rate of 0. 1 meter/second could be detected except under very low
wind conditions, or that the size of the radar package could be contained
within the 60 cubic inches specified.

There were sufficient basic weaknesses associated with the CW
system to warrant a change to an interrupted CW (ICW) mode of
operation. The basic weaknesses of the CW system are as follows:

1. A CW system operating in a high dynamic range environ-
ment will always be subject to false alarms due to
operator movement. False alarms will also be frequent
from vehicles in back lobe or side lobes of the antenna
radiation pattern.

2. A CW system may be subject to false alarms due to
very small targets, such as a frog, moving in the main
beam close to the antenna.

3. Because of maximum dynamic range and subclutter
visibility considerations, the system will be subjected
to severe restrictions with regard to the nearness of
the antenna to the foliage. It might be necessary, for
example, to be sure no high grass is anywhere near the
antenna, and that the jungle interface occurs at a range
greater than 15-Z0 meters.

To solve the problems outlined above, an interrupted CW (ICW)
scheme was configured. The main feature of the ICW system is that
the receiver is shut off during transmit, and nearby objects, as far
out as 10 meters if desired, may be completely blanked out of the
receiver. The advantages of the ICW system are tabulated as follows:

1. No special siting instructions are required relative to
local foliage.

2. False alarms are largely eliminated due to operator
motion or vehicular traffic in the backlobe of the antenna.
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3. An RF amplifier can be used to improve the receiver
noise figure. This cannot be done with a CW system
because increased signal level would cause saturation
in the mixers. The resulting increased sensitivity
may permit a large reduction in average radiated
power, thereby providing increased battery life.

4. Small animals, such as mice, will not alarm the
system at short range.

5. The system can operate at a lower transmitter power
level, which makes it less vulnerable to enemy
detection.

The ICW technique was further improved by combining the audio
amplifier with a sample and hold circuit. The combined use of a RF
amplifier, STC (sensitivity time control), and sample and hold circuits
largely eliminates the problems encountered in CW systems.

The system, in its present form, can best be characterized as
a high repetition rate, long pulse radar system. Since it utilizes
sample-hold circuits and performs range gated Doppler filtering, it
will be referred to as a pulsed Doppler system.
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3.0 DESIGN CONSIDERATIONS

Due to the obvious advantages of the pulsed Doppler radar
system established under the Phase I study and subsequent tests of
the breadboard model, ARI formulated a design plan based on this
approach. The main features and the advantages of such a system
were discussed in the previous chapter.

A tabulation of the existing characteristics of the LPSD system
is shown in Table II. The characteristics outlined in this table will
be used as a point of departure for discussing the design parameters
for the system.

3. 1 SENSITIVITY REQUIREMENTS-PULSED DOPPLER SYSTEM

The sensitivity requirements for the revised pulsed Doppler
radar system were made using the parameters shown in Table I and
the following:

X = 0. 24 meters (Wavelength)

a = 0.5m2  (Cross-section of upright man)

R 1 100-500 m (Distance to target)

3. 1. 1 RECEIVED SIGNAL OF LPSD AT DIFFERENT RANGES

The minimum return signal for different target ranges was
computed using the following form of the radar equation;

PtG ra-

smi n  (47T) 3 R 4  (watts) (5)

where the terms and values were stated previously. The
minimum detectable signal Smin, which appears in the radar equation,
is a statistical quantity and must be described in terms of detection
and the probability of a false alarm. For average reception, the
signal to be reliably detected must be larger than noise (generally by
10-20 dB) at the point in the receiver where the detection decision is
made.

The voltage can be determined by assuming a 50 ohm system,
and by converting power to voltage as follows:

V = Smi n R (6)
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TABLE II

LPSD CHARACTERISTICS

Transmitter Frequency 1250 MHz + 5 MHz

Transmitter Peak Power 30 mW

Transmitter Average Power 10 mW

Pulse Width 600 nanoseconds

Repetition Rate 220 kHz + 15%

Antenna Type Simulated parabolic antenna
with 4" focal length

Horizontal beamwidth 72 degrees min.

Vertical beamwidth 46 degrees max.

Gain Approximately 10 dB

Height above ground 1.5 meters

Receiver Quadrature video, homodyne

Power Requirements + 6 volts @ 150 mA each

Normal Battery Life 12 hours

Max. Personnel Detection in Foliage 30-100 meters depending upon
density

Max. Personnel Detection in Clear 130 meters

Foliage Penetration Capability 25-50 meters, depending on

density and wind

Weight 8 lbs. 12 oz.

Volume 252 cubic inches

Receiver Dynamic Range 100 dB

Controls Power On/Off, Test Outgo/
Test Incom

Remote Display Tactile Stimulator, Outgo/
Incoming Visual Indication
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where R is assumed to be 50 ohms.

The minimum return signal power and voltages for various
ranges are tabulated in the table below:

R (m Smi n (W) V (microV rms)

100 1.45 x 10 - 13 2.69
150 Z.87 x 10-14 1.2
250 3.72 x 10-15 0.43
500 Z.32 x 10-16 0.11

3.1. 2 GAIN OF PULSED DOPPLER SYSTEM

The net gain of the LPSD is based on the following circuit
gains and losses:

Unit Gain/Loss (dB)

Signal Processor 96
Video Amplifier 36
RF Switches -3.5
00 Hybrid -3.5
Mixers -6.5
RF Amplifier 12

Total Gain 130.5

Assuming 3.0 V p-p (1.0 V rms) is required at the input to
the final threshold circuit, the minimum voltage required is 0. 3
microvolts rms.

3.1.3 SYSTEM NOISE FIGURE

The system noise figure computed for the pulsed Doppler
system was based on the following block diagram:

Ant
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The total system noise for a N-component cascade is given by
the expression:

T T + N T (0 K) (7)
s a i= G .

where

T is the total system noise temperature,s

T is the antenna noise temperature,a

T (i) is the effective input noise temperature of the
e ith component,

G. is the available gain of the system between the
input terminals of the ith component in the cascade.

The expression above shows that the noise temperature of a
given component is amplified or decreased by the total gain of the
system preceding that component. It will be used to compute the
final noise temperature of the system after the component noise
temperatures have been computed.

3.1.4 ANTENNA NOISE TEMPERATURE

The antenna noise temperature is assumed to be 200 K.

3.1.5 NOISE TEMPERATURE OF RF SWITCH

The noise temperature can be computed from the following
expression:

T = T (L- 1) (8)e o

where L is the loss factor of the switch (1.5 dB) expressed
as a power ratio. Substituting the loss factor into equation (8) and
recalling that T o is the absolute temperature at room temperature
(290 0 K),

T = Z90 (1.413 - 1)e

T = 129 0 K.
e
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3.1.6 NOISE TEMPERATURE OF RF AMPLIFIER

The noise figure of the RF amplifier is assumed to be 7 dB.
Noise figure can be converted to noise temperature by the following
expression:

Te T (Fn -1) (9)

where F n is the noise figure expressed as a power ratio.
Substituting the values into equation (9) gives

T e = 290 (5.01 - 1)

T = 1163 0 K
e

3.1.7 NOISE TEMPERATURE OF HYBRID

The hybrid losses are assumed to be 3.5 dB, therefore,
Te = 331 0 K as determined from equation (8).

3.1.8 NOISE TEMPERATURE OF MIXER

The mixer noise figure is assumed to be 7. 0 dB. This yields
a noise temperature of 1163 0 K when the noise figure is substituted
into equation (9).

3.1.9 NOISE TEMPERATURE OF VIDEO AMPLIFIER

The noise figure Fn, of the video amplifier was calculated
for Fairchild's Linear Integrated Circuit ± A 733c. The input noise
is typically lZV rms for R = 50 ohms, and the bandwidth BW is equal
to 1 kHz to 10 MHz. The noise at the input, therefore is:

Noise at Input =E

= 2.9 x 10 - 12 watts (-85.4 dBm)

The thermal noise at room temperature (2900K) was computed
from the expression KTB, where K is Boltzman's constant (1.38 x 10 -23
watt-sec/°K), T is the temperature in OK, and B is the bandwidth in
Hz (10 MHz for LPSD). Evaluating the expression for KTB using the
values specified, gives - 104 dBm as the thermal noise power of the
video amplifier.
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The noise figure can be obtained from the following:

F = Noise at Input (10)
n Thermal Noise

or F = -85.4 + 104 = 18.6 dBn

or in terms of noise temperature,

T = 2900(72.4 -1) = 20,706e

It can be seen that the video amplifier is the largest contributor
of noise in the system.

3. 1. 10 TOTAL SYSTEM NOISE

Total system noise can be computed by inserting the noise
temperature values found for the various components into equation (7).
The total noise temperature for N-components is tabulated below.

Component Te (OK) Gi(dB) Ts(i) ( °K )

Antennas 200 0 200
RF Switch 120 0 120
RF Amplifier 1163 1.5 1640
Hybrid 331 -11.5 23
Mixer 1163 -7 232
Video Amp. 20,706 -0.5 18,500

Total 20,715

The systems noise figure is therefore:

Systems Noise Figure = 20,715 1.5 (18.5 dB)
290

3. 1. 11 SIGNAL/NOISE CALCULATIONS

The signal to noise ratio for a single pulse return is given by,

P TG 2 X2z
S/N = (11)

(4I) 3 KTLR 4
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where

Pt = 10 mW (Transmit power)

T = 600 ns (Pulse duration)

G = 10 dB (Antenna gain)

X = 0. 24 m (Wavelength)

T = 1 m 2  (Target cross-section)

K = 1.38 x i0 - Z3 (Boltzman's constant)

T = 20,715 °K (System noise temperature)

L = 3.0 dB (Transmission loss)

R = 150 m (Range)

Substituting the above values into equation (11) yields a value

for signal to noise ratio equal to -12. 1 dB (in free space).

3.2 SYSTEM GAIN/LOSS FACTORS

The system gain/loss factors for the various elements of the

system are shown in Table III. The tabulated results are shown for

man and vehicular targets in the low and high velocity channels of
the system.

The calculations show that the system will function properly

under the conditions cited. A man target appearing in the high velocity

channel may not have sufficient strength to trigger the alarm circuit.

It is more likely that the man will be detected in the low velocity
channel where there is ample signal to trigger the alarm.

It should be noted that a high noise figure in automatic radars

can be looked on as being desirable, since if the system works well

in the presence of its own noise, it will be able to tolerate high levels

of EMI or jamming.

3.3 SYSTEM CONFIGURATION

3.3.1 ELECTRICAL

Figure 5 shows a block diagram of an early model of the

coherent, balanced 1250 MHz ICW radar briefly used before going to

a full pulsed Doppler system.
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TABLE III

SYSTEM GAIN/LOSS FACTORS

SIN (dB)
Low Velocity High Velocity Channel

System Gain/Loss Channel Man Vehicle
Factors Man Target Target Target

Single Pulse Gain (Free
Space) -12.1 -12.1 -12.1

Coherent Processor Gain 45.6 38. 1 38. 1

Non-Coherent Integration
Improvement 18.0 18.0 18.0

Balanced Processor Loss -3.0 -3.0 -3.0

Mismatch Processor Loss -3.0 -3.0 -3.0

Mismatch Receiver Loss -3.0 -3.0 -3.0

Foliage Attenuation -Z0.0 -20.0 -20.0

Ground Lobing -1.2 -1.2 -1.2

Target Cross-Section -3.0 -3.0 10.0

Totals 21.3 13.8 26.8
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The crystal oscillator and multiplier provides a common
source of 1Z50 MHz for both the transmitting and receiving portions
of the radar. The first hybrid splits the available energy equally
between the transmitter and receiver.

The multivibrator provides the basic timing and controls the
transmit/receive sequencing, via the RF gate and FET switches.

A single antenna is used for receive and transmit. Trans-
mitter feedthrough into the receiver is reduced to a level which can
be tolerated by the receiver by the use of a hybrid. A solid-state
switch in place of the hybrid can also be incorporated, but it would
add approximately 5 dB loss to the system.

The preselector filter is used to reduce the probability of
receiver saturation caused by strong nearby RF fields. The RF
amplifier provides a gain of approximately ZO dB to compensate
for mixer loss and to insure that the required noise figure is
attained in the presence of a high audio amplifier noise figure.

The next portion of the receiver contains the required
circuitry to do the conversion of RF to quadrature video for
presentation to the inputs of the AB-1100 series adaptive balanced
processor. The local oscillator (LO) signal is derived from the
1250 MHz exciter hybrid. Two doubly-balanced mixers whose LO
ports are driven from a 90 degree hybrid serve to provide the two
quadrature video signals. The FET switches turn off the receiver
while the transmitter is on and for a small portion of time thereafter,
to reduce the transmitter leakage and to create a dead zone near
the radar.

The ARI AB-1100 series processor performs a high-confidence
discrimination of the target from the background clutter. A key
feature of balanced processing is the ability to differentiate between
incoming and outgoing targets. Both the local and remote displays
have two visual indicators, one to indicate incoming targets and the
other to indicate outgoing targets. The remote display also has a
tactile annunciator to arouse the operator's attention without revealing
his position.

The control switch simply provides on-off and test selection
for the operator. Built-in test equipment is provided to handle the
test function.

The ICW concept provides range discrimination. The trans-
mitter is on for 300 nanoseconds, and then off for 600 nanoseconds.
The receiver is turned off from the time the transmitter turns on to
approximately 60 nanoseconds after the transmitter shuts off. The
extra nanosecond off time of the receiver ensures that no return will
be received from targets within 10 meters of the LPSD.
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A characteristics of the ICW system is that sensitivity
increases between the ranges of 10 and 60 meters. At a range
of 10 meters the receiver turns on just as the end of the reflected
pulse is received, so no energy reaches the signal processors.
At II meters the received pulse is delayed 6 nanoseconds, and
accordingly, the receiver will "see" the target for 6 nanoseconds.
As can be seen from Figure 6, the received pulse width increases
as the range increases to 60 meters. Between 60 and 100 meters,
the primary detection zone, the sensitivity is reduced by normal
space attenuation. At a range of approximately 160 meters, receiver
sensitivity is abruptly reduced.

3.3.2 MECHANICAL

Figure 7 shows a sketch of an early proposed mechanical
configuration of the LPSD.

The bottom part of the case was to contain a plastic tube
which was to hold two BA-1100/U batteries with an insertion port
to allow either battery to be put in without regard to polarity. The
remainder of the case, with the exception of provisions for controls
and the antenna, was to be modular with printed circuit cards set up
in subracks. The RF section was to be completely shielded to
prevent RF leakage into the signal processing section.

The antenna was to be automatically deployed by springs when
a catch at the bottom of the case was released. Consideration was
given to the use of a printed dipole to allow it to be stored compactly
between the faces of the corner reflector when it was in its folded
position.

The case contained provisions for mounting the radar on the
trunk of a tree. It also contained a screw hole at the base to allow
the use of a tripod. A remote display, in the form of a wristwatch,
was considered. A quick automatic disconnect miniature plug
provided the operator a means for disconnecting the unit in the case
of an emergency. Other remote displays where an audio alarm can
be used can also be provided. Various light-weight tripods, such as
music stands and the tripod manufactured for the AN/PPS-9 radar,
were investigated.

An artists conception of the field operation of the LPSD is
shown in Figure 8. The LPSD radar unit with its antenna in the
operate position, and the wrist alarm is shown in the insert.

The following mechanical constraints design objectives were
provided by LWL and were considered to be necessary for the LPSD
to meet its mission objectives.
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1. The LPSD should have a minimum of projections which
will impede movement of the operator in dense vegetation.

2. All LPSD modules (major subassembly or components),
should be interchangeable from one LPSD to another with no require-
ment to trim, calibrate or otherwise match an interchanged module.
All LPSD modules should be marked for ease of identification.

3. The LPSD should be water-proof, fungus-proof, and
dust-proof in the storage and operational mode. The LPSD should
be resistant to salt water, corrosion, fuels, lubricants, fungus,
mildews, insects, fire and common cleaning solvents. All LPSD
materials should be non-toxic, non-irritating, detectable by x-ray
or fluoroscope and contain no element which causes dermatitis or
complication to wounds.

4. The LPSD should be compatible with standard U.S. Army
combat uniforms and equipment and should allow the operator to
adjust and operate the LPSD while wearing standard combat equipment.

5. Operation of LPSD should not create a health or safety
hazard to operator or maintenance personnel.

6. A water-proof jack shall be supplied to permit target
detection annunciation via an earphone.

7. The LPSD should use military standard parts wherever
possible. Connectors and switches should be military standard parts
unless clearly demonstrated to the government to be unsuitable for
the purpose of the contract objective.

8. The LPSD should require no external cabling.

9. All exterior surfaces of the LPSD, exclusive of connectors
and antennas, should be coated by the government with a government
developed infrared reflecting olive drab paint.

10. The LPSD should be identified by a suitable identification
plate containing the information given below:

LISTENING POST SURVEILLANCE DEVICE
Serial No.
U.S. Army Limited Wax Laboratory
(Contractor's Name and Contract No.)
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This identification plate should be permanently attached to one area
of an exterior surface of the LPSD and should remain legible under
all environmental conditions.

11. The LPSD should be provided with water-proof covers for
all exposed connectors. These covers shall be suitably attached to
the LPSD housing by means of nylon cable.

12. The LPSD design should strive for the following maintenance
characteristics:

(a) The LPSD should have a self-test feature to inform
the operator of any malfunction, especially deteriorated detection
capability.

(b) User maintenance should consist of only normal
care and cleaning, and replacement of the power source (BA-1100/U).

(c) A cellular or modular plug-in and plug-out design
should be used for ease of maintenance. All major components or
modules should be marked for ease of identification. Modules will
be keyed to preclude improper plug-in.

(d) The design should permit ease of access to items
normally needed to be checked for maintenance.

(e) Test points for all major subassemblies of LPSD
should be located for ease of trouble-shooting and maintenance.

(f) All screws, bolts or other parts that require a tool
for mounting or dismounting the LPSD or any of its major subassemblies
should be captivated and of a type that requires only common tools
when worked. No tool should be required to emplace or replace the
power source (BA-1100/U).

(g) The LPSD should be capable of being repaired and
tested using equipment and tools now found at direct and general
support maintenance points within the U.S. Army. If possible,
modules should be designed such that module cost is lower than
expected cost to repair, allowing throwaway of malfunctioning modules.
No special tools, equipment or skills should be required to repair or
test an LPSD at direct and general support maintenance points.

13. The LPSD design should include the following human
engineering characteristics:

(a) The LPSD should be capable of easy, convenient
operation with the location of displays and switch such that the
operator is required to perform a minimum of movement.
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(b) The LPSD should be designed in conformity with human
engineering principles, emphasizing ease of handling, operation and
carrying. The LPSD must be compatible with load carrying equipment
now used by a typical, combat-equipped U.S. Army rifleman.

(c) The LPSD should include permanently attached
instruction for its use.

(d) The LPSD control and functional markings should be
shaped and placed so as to be readily identifiable under all conditions
of weather and visibility.

(e) The LPSD is intended to be operated by a combat
rifleman as an additional duty and should require neither additional
personnel or special operator skills.

14. One LPSD will be tested for the following characteristics:

(a) High Temperature - The LPSD should be immersed in
air at 125 0 F and its temperature stabilized. The LPSD should be sub-
jected to solar radiation at a rate of 360 BTU/ft2 hr for a period of
4 hours. The LPSD should be operated throughout this test. Any
undesirable effects or malfunction should be noted and recorded.

(b) Low Temperature - The LPSD should be immersed
in air at 200 F, without solar radiation, and its temperature stabilized.
The LPSD should be subjected to these conditions for a period of
4 hours. The LPSD should be operated throughout this test. Any
undesirable effects or malfunctions should be noted and recorded.

1 (c) Humidity - The LPSD should be immersed in air at
125°F and relative humidity of 90% to 95% for a period of 24 hours.
The temperature of the air should then be reduced and held to room
temperature for a period of 24 hours. The temperature of the air
should then be increased and held to 125°F for a period of Z4 hours.
The LPSD should be operated at least once every 24 hours for a
30-minute period to deteimine if it is functioning normally. The
LPSD should be operated just prior to and just after the humidity test.
Any undesirable effects or malfunctions will be noted and recorded.

(d) Barometric Pressure - The LPSD should be immersed
in air at 20 F and its temperature stabilized. The LPSD should be
subjected to ambient pressure change from a simulated altitude of
0 feet to a simulated altitude of 8, 000 feet at a rate of Z, 000 feet per
minute. The LPSD should be held at 20 0 F and 8, 000 feet for 12 hours.
The simulated altitude should then be changed from 8, 000 feet to
0 feet at a rate of 2, 000 feet per minute and the LPSD will be allowed
to return to room temperature. The LPSD should be operated just
prior to and just after this Barometric Pressure test.
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(e) Drop Test - The LPSD should be allowed to free fall
from a height of 3 feet onto a cement surface in the following manner:

Impact Zone Number of Drops

Each face of all outer surfaces 3 on each face
Each corner of all outer surfaces 3 on each corner

The LPSD should be operated just prior to and just after this test.
This test should be performed prior to the vibration test. Any
undesirable effects or malfunctions will be noted and recorded.

(f) Vibration - The LPSD should be vibrated from 5 to
32 cycles/sec at 1.5 g input for 15 minutes at a sweep rate of 3.1

minutes maximum to minimum frequency. The LPSD should be
vibrated from 32 to 52 cycles /sec at 2. 5 g input and from 52 to 500
cycles/sec at 4 g input for 3 hours at a sweep rate of 4.3 minutes,
minimum to maximum frequency. This test should be conducted for
each of three primary, mutually perpendicular axes of the LPSD.
The LPSD should be operated just prior to and just after this test.
Any undesirable effects or malfunctions should be noted and recorded.
The LPSD natural frequency (and amplitude) of vibration should be
determined and recorded.

(g) Water Immersion - The LPSD should be immersed
to a depth of 3 feet in fresh water at a temperature of 40°F for a
period of 3 hours, removed and immediately immersed to a depth of
3 feet in fresh water at a temperature of 80°F for a period of 3 hours.
Leakages, loss of sealing or other undesirable effects should be noted
and recorded. This test should be conducted as soon after the drop
and vibration tests as practicable.

(h) Field Tests - The LPSD should be operated in as
dense foliage as is readily available to the Contractor a sufficient
number of times to provide a statistical base to demonstrate that
LPSD meets the required detection characteristics.

(i) Assemble the spare parts from the list of recommended
spare parts included in the Phase I report, as approved by the
Technical Supervisor. These parts and assemblies should be identified
in a manner which allows their rapid selection when required for use.
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4.0 BREADBOARD MODEL

The first LPSD breadboard was demonstrated on 1 April 1969.
The demonstration proved beyond any reasonable doubt that close-in
objects, like the operator, can cause difficulties with a CW radar.

The demonstration breadboard was less sensitive than re-
quired to detect moving personnel at 100 yards through foliage. The
reasons for the low sensitivity were:

a. Antenna hybrid too lossy by approximately 10 dB

b. LO power in the vicinity of 2 to 4 mW

c. 0 degree hybrids lossy

d. VSWR generally too high throughout the system

e. Transmitter power 8 dB low

f. Antenna gain 5 dB low

Despite these great losses, the breadboard did demonstrate
some of the features and problems associated with a CW system.
The ICW system greatly reduces these problems.

The first antenna chosen was a corner reflector antenna. It
was selected because of the following reasons.

a. Gain is relatively high

b. The beam in the vertical plane is narrow

c. The beam is relatively broad in the horizontal plane

d. Good front-to-back ratio

e. Mechanically collapses easily into a small package

The ICW approach also required changes in the antenna hybrid.
The source in an ICW system can be turned on and off with a 300
nanosecond pulse. The only other change to the breadboard required
some FET's to gate the mixers into the audio amplifiers.

4.1 ICW DESIGN

The ICW technique increases substantially the complexity of
the system as well as the power consumption. RF switching transition
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times were so long that there was considerable sensitivity to nearby
return, and yet the receiver did not achieve maximum sensitivity
until near maximum range. One of the tasks was to improve on RF
switch performance.

Mixer unbalance resulted in some BF being radiated by the
antenna during the receive mode, resulting in some nearby clutter
return. The use of a RF amplifier in the receive mode improves
this isolation and tends to improve the system noise figure.

The sub-audio amplifiers used in the first prototype were
microphonic and expensive. The use of RF pre-amplification allows
the use of other amplifier types which are less expensive and not
microphonic.

Adding a RF amplifier increases the size, weight, and power
consumption, but the resulting improvement in system performance
is worth consideration.

4. 1. 1 POWER CONSUMPTION

Expected battery life was a matter of great concern. The
plan was to operate the unit on two BA l100/U batteries. The current
drain on these batteries was estimated to be 200 milliamperes. At
this load the operating life of 10 hours can be expected. Additional
effort was made to reduce this power drain.

Two mercury batteries operated in series to provide an
unregulated +12 volt supply was considered as the power source for
the RF oscillator and RF amplifier. A regulating converter was to
be used to provide + 6 volts. This arrangement automatically
equalizes the load jn the two batteries which is highly desirable.
The RF oscillator and the RF amplifier consume about one-half the
power, so the use of unregulated power for these modules is desirable
from an efficiency point of view.

The timing and switching circuits underwent re-evaluation and
re-design to improve the performance and reduce power consumption.

The RF source drew 75 milliamperes, making it one of the
major power drains. The DC to RF efficiency was approximately
9%. The unit was already fairly well refined, so further improvement
in efficiency was not expected to come very rapidly; additional
development was deferred on this aspect of the design. Possible
approaches considered in an attempt to reduce power consumption
were (a) reduce the current and/or voltage to the oscillator, buffer,
and multiplier stages, (b) to consider alternate multiplication
schemes and ratios, and (c) to further refine the high level stages
of amplification. It was expected that input power might be cut by
one-third.
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The RF amplifier was considered to be reasonably satisfactory
at the breadboard stage. The current consumption of 25.5 milliamperes
could probably be reduced by several milliamperes with little or no
effect on performance. The reverse isolation, which was expected to
be an important characteristic of the system, was to be further refined
also.

The power supply converter circuits, of necessity, were of
the switching type. This created EMI problems. Fortunately the
most sensitive parts in the unit, the Doppler amplifiers, are only
required to pass a signal in the 1 to 20 Hz frequency range. Substantial
filtering was incorporated to discriminate against converter EMI.
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5.0 PRELIMINARY TESTING OF THE SYSTEM

A comprehensive series of in-house tests were conducted to
insure compliance with the system performance requirements
described in the LPSD contract. The tests were divided into three
types:

1. Detection performance

2. Environmental

3. Human engineering

5.1 DETECTION PERFORMANCE TESTS

For these tests, a walking and a crawling man were introduced
at various ranges and under various conditions of foliage, wind, and
at various velocities. Complete statistical records of detection per-
formance and false alarms were kept to determine conformance with
performance requirements, and also to see under what conditions
reliable performance could be obtained at even longer ranges.

5.2 ENVIRONMENTAL TESTS

It is expected that radars of this type would be subjected to
severe punishment during normal field use, therefore, it was felt
that environmental tests were perhaps equally as important as per-
formance tests. The planned fabrication of two initial units, one for
performance evaluation and one for environmental testing, allowed
both tests to be carried on simultaneously. The tests to be conducted
were in accordance with the requirements stated in the contract.

5.3 HUMAN ENGINEERING TESTS

A great deal of thought was directed in the initial design of
the system toward allowing the system to be set up readily and used
by a relatively untrained operator. A series of experiments were
conducted where operators who never used or even seen the
equipment were given brief periods of instruction ot not more than
30 minutes. They were asked to set up the system, put it into
operation, and demonstrate reliable detection performance.

5.4 INITIAL FIELD TESTS

A series of field tests were conducted in the Boston area to
check system performance against known targets.

The first test was conducted in the MDC Parking Lot adjacent
to the Charles River as shown in Figure 9. The radar was set in
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position A, and the target was a single upright man walking at a rate
of approximately 1.2 meters per second. The detection cell contained
no foliage, and the wind was blowing steadily at less than 10 knots.

The target started at the radar location A, and walked along
the antenna boresight for approximately 10 meters in 8 seconds, and
then paused for 15 seconds, repeating this routine until reaching a
range of 130 meters. The routine was repeated in the reverse
direction starting at 130 meters until the radar was reached.

During the course of the 24 opportunities that the radar had to
detect a target, the radar indiciated an alarm and showed proper
target direction 22 times. Most of these 22 detections showed large
margins (at least 10 dB). The two missed detections appeared to have
been caused by an excessive buildup of AGC because a car moved
through the detection zone shortly before this portion of the data was
taken. The missed detections were at 30 to 50 meters, outgoing.
Farther out detections were not attempted although the margin at
130 meters appeared to be good.

A second test was conducted along the Charles River as
shown in Figure 10. The radar unit was located in position A, and
the wind was blowing steady at 10-15 knots.

The target was a single upright man walking at a rate of
approximately one meter per second. The detection cell was 50%6
filled with leafless trees. The trees were primarily birches 5-7
meters high with an average trunk spacing of 1 to 1.5 meters. Visual
occulation occurred in a foliage path of the order of 20 meters deep.

The target started at a point along the antenna boresight path
70 meters from the radar and walked 10 meters, paused 30 seconds,
and continued until the 90 meter point was reached. The cycle was
repeated on the ingoing direction. Fifteen full cycles of this (70-90-70
meters) were performed.

The radar detected the target for all 60 opportunities. Maximum
penetration distance was 45 meters. There were no false alarms
before, during, and after the test. Two unexpected targets of opportunity
were also detected.

The radar was then set up in position B as shown in Figure 10.
Wind was blowing at 45 knots, with gusts up to 60 knots.

The target was a single upright man walking at a rate of
approximately 1 meter per second. The detection cell was 50% filled
with leafless trees. The trees were birches approximately 5-7 meters
high, and an average trunk-to-trunk spacing of 1.5 meters. Visual
occulation was approximately 20 meters in this wooded area.
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The maximum target range attempted for this test was 60
meters. The target started at the radar and moved 10 meters between
each 20 second pause to the maximum range. The routine was re-
peated in the reverse direction. Two complete cycles (0-60-0 meters)
wer performed.

Of the 24 opportunities for detection, the radar alarmed on
only 8 of these. During the course of one hour of testing there were
2 definite false alarms and 2 other possibles, but were suspected to
be targets of opportunity.

Tests were also conducted in a sand flat at Sheridan and
N. Park Road, Hollywood, Florida, A map of the area is shown
in Figure 11. The wind blew steadily at less than 5 knots.

The target was a 90 lb. 4' 11" boy walking at a rate of
approximately one meter per second. A relay-activated flashlight
connected to the remote annunciator terminals was used for radar
alarming. The meter box was connected to allow viewing of integrator
outputs. The center of the radar antenna was 1.5 meters above ground.

The target started at approximately 150 meters and walked
toward the radar until an alarm sounded. An X was marked in the
sand where the integrator started to decay. This was repeated at
14 different azimuth locations from boresight to approximately
85 degrees on either side of boresight. Distances to the X marks
were measured and recorded.

Figure 12 shows the maximum ranges at which the target was
detected as a function of angle, both for incoming and outgoing targets.

A spot check was made on a ZOO lb 6' 1" man on boresight.
Indication occurred at 140 meters incoming and 155 meters outgoing.

There was one spurious alarm during the 3 hours of testing.
It was caused by backlobe return from a flatbed tractor-trailor
carrying a bulldozer moving along the road at a slow speed at
approximately 80 meters.

The sand flat shown in Figure 11 was also used to detect a
ZOO lb, 6' 11" crawling man at the rate of approximately 2/3 meter
per second. A relay-activated flashlight connected to a remote
annunciator was used to indicate radar alarm. The height of the
radar was placed first at one meter, then at 1. 5 meters.

The target started at a range of 100 meters, and crawled
(hands and knees) towards the radar. The tripod height was increased
and the test was repeated. Similar detection of a low crawl, military
style, was tried starting at a range of 80 meters.
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Figure 11: Hollywood, Fla. Test Site
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Figure 12: Detection Range vs. Angle of Detection
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